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9 Abstract

10 In this paper we demonstrate that broadband light emitters filtered with fiber Bragg gratings are a suitable light

11 source for RF-photonics applications. A 0.075 nm bandwidth fiber grating illuminated by a light emitter of 40 nm

12 bandwidth has been used as light source to feed a microwave phase shifter based on a chirped fiber Bragg grating. The

13 device operates successfully in the tested frequency range (0.5–6) GHz and has been optically tuned in a range of 4 nm.

14 � 2003 Published by Elsevier Science B.V.
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16 1. Introduction

17 Microwave-photonics systems use an optical

18 wavelength generated by a laser source to carry a

19 radio frequency (RF) signal through the optical

20 components of the system [1], in particular devices
21 based on fiber gratings such as transversal filters

22 [2], phase shifters [3] or beamforming networks for

23 phased arrays antennas [4] must be powered by a

24 number of optical wavelengths equal to the num-

25 ber of bits in the lines [3]. Moreover, one or more

26 tunable lasers may be needed in the case of con-

27 tinuous steering of chirped fiber gratings [5].

28The RF-photonic device becomes complex and

29expensive with the increasing number of optical

30laser sources, in addition some kind of thermal

31control is required to compensate the drift of the

32gratings with temperature [6]. The requirements of

33the optical source can be simplified in several
34ways: optimizing the architecture of the lines [7],

35taking control of the distribution network with a

36timing unit [8], using delay lines operating with a

37single optical wavelength [9] or filtering a broad-

38band source with Fabry–Perot filters [10].

39In this paper we investigate the possibility of

40using white light sources for feeding microwave

41optical systems. We study a fiber optic time delay
42line when it is optically powered with a broadband

43light emitter filtered with gratings of different

44bandwidths. The experimental results are com-
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45 pared with the performance of the system when it

46 is fed by a tunable laser. The proposed configu-

47 ration has the advantage of a large optical band-

48 width and a capability for multiwavelength

49 operation although it has the inconvenient of a

50 lower signal to noise ratio and a reduction of the
51 microwave operating band.

52 2. Experimental

53 The configuration of the experimental set-up

54 reported here is shown in Fig. 1. The optical light

55 source consists of a fluorescent erbium doped fiber
56 filtered with a fiber Bragg grating. The grating is

57 stretched to tune the wavelength launched in the

58 RF-photonic device. After reflection in the grating

59 the amplitude of the light is modulated by an

60 electrooptic modulator with the radio frequency

61 (RF) signal supplied by the RF generator of a

62 network analyser. The light coming out from the

63 device under test is detected with a photodiode and
64 the microwave signal supplied by the detector is

65 measured with the vector network analyser. The

66 phase WðXÞ and the amplitude EðXÞ of the field
67 generated by the photodiode in the microwave

68 transmission line can be obtained from the transfer

69 functions of the filter, qðxÞ, and the device under
70 test, HðxÞ ¼ hðxÞ expðj/ðxÞÞ, as:

E2ðXÞ ¼m2
Z þ1

�1
q xð Þj j2 h xð Þh xð½

�(
þXÞ
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7474where m is the modulation depth, x is the optical

75frequency and X is the microwave frequency.

76The photonic device under test in this experi-

77ment is a time delay line formed of a chirped fiber

78grating [3,5]. Three different gratings have been

79separately used as filters, they have 5 cm in length,
80uniform period and uniform index modulation

81amplitude. The reflectivity of the gratings is about

8290% and their bandwidths are 0.075 nm (filter g1),

830.120 nm (filter g2) and 0.210 nm (filter g3). The

84grating used as delay line is a linearly chirped

85grating with cosine apodization, it has 4 nm

86bandwidth and 880 ps/nm dispersion. The grating

87used as filter is stretched to sweep its Bragg
88wavelength over the entire reflection band of the

89chirped grating. The phase and amplitude spectra

90of these gratings can be seen in Fig. 2.

91The time delay of a 6 GHz microwave signal is

92shown in Fig. 3 as function of the optical wave-

93length selected by the filters. Since the chirpedFig. 1. Schematic diagram of the experimental set-up.
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94 grating used in this experiment has a smooth de-

95 pendence on the optical wavelength, the group

96 delay of the microwave signal generated by the

97 photodiode coincides with group delay of the light

98 reflected by the grating, so the results presented in

99 Fig. 3 are a low resolution measurement of the
100 optical response of the chirped grating. It can be

101 observed that the phase response of the system is

102 independent on the filter bandwidth because the

103 spectral variations of the device under test are

104 negligible within the bandwidth of the filter. The

105 use of a grating as filter has the beneficial effect of

106 suppression of ripples in the response of the mi-

107 crowave device. The dispersion of the grating ob-
108 tained from the three curves of Fig. 3 is 884� 4,

109888� 4 and 886� 4 ps/nm, while the dispersion
110calculated from Fig. 2 which has been measured

111feeding the chirped grating with a tunable laser is

112880 ps/nm, so the differences are below 0.5% in the

113three cases.

114Similar results have been found with other

115modulation frequencies within the range (0.5–6)

116GHz. The phase dependence on the modulation

117frequency using filter g1 is presented in Fig. 4. The
118phase has a linear variation with the microwave

119frequency and the group delay of the line can be
Fig. 2. Spectra of the gratings used in the experiment: (top)

amplitude response; (bottom) time delay response.Gratings used

as filters: g1, g2, and g3 (respective bandwidths: 0.075 nm, 0.120

nm, and 0.210 nm). Chirped grating used as delay line: DUT.

Fig. 3. Group delay of the line versus the wavelength measured

with different filters: (j) g1; (d) g2; (N) g3. Modulation fre-

quency, 6 GHz.

Fig. 4. Phase of the microwave signal as a function of the

modulation frequency at different optical wavelengths: (j)

1547.19 nm; (d) 1547.91 nm; (N) 1548.71 nm; (.) 1549.57 nm;

(r) 1550.29nm. Filter, g1.
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120 tuned with the wavelength of the optical carrier.

121 The group delay obtained from different curves in

122 Fig. 4 are 0.3075, 0.9535, 1.619, 2.393 and 3.079 ns

123 with an RMS error of 0.4%. The same linear be-

124 haviour has been observed using as filters the other

125 two gratings.
126 The amplitude response is shown in Fig. 5 where

127 the performance of the system fed by a fiber grating

128 is compared with the system fed with a tunable la-

129 ser. We see a signal cancellation at 8.5, 14.7 and

130 18.9 GHz and there is an additional decay and a

131 new notch at 14.0 GHz. Fig. 6 shows the amplitude

132 performance of the system with different filters, the

133 increasing bandwidth of the filters results in a re-
134 duction of the microwave operating range. For

135 better understanding of this behaviour we can

136 consider the chirped grating as a phase filter with

137 transfer function HðxÞ ¼ expðj/ðxÞÞ with

/ðxÞ � /ðxBÞ þ sðxBÞðx � xBÞ þ b=2ðx � xBÞ2;
139139 where xB is the central wavelength of the ampli-

140 tude filter qðxÞ, in such a case Eqs. (1) and (2)
141 become:

EðXÞ ¼ m
Z þ1

�1
q xðj

���� � xBÞj2ejbX x�xBð Þ dx

����
	 cos bX2

2

� �
; ð3Þ

143143
W Xð Þ ¼ �s xBð ÞX: ð4Þ

145145Eq. (3) has three factors: the modulation depth,

146the Fourier integral of the amplitude filter qðxÞ
147and the carrier suppression factor of AM modu-
148lated systems cosðbX2=2Þ. Hence the microwave
149frequency range Xmax is limited by the bandwidth

150of the grating Dx to Xmax ¼ 2:5=ðbDxÞ, and by
151carrier suppression effect to Xmax ¼ ð2p=3bÞ1=2.
152The amplitude performance of the system

153could be improved in two ways: by using a dif-

154ferent modulation technique and by reducing the

155bandwidth of the filter. The first notch in the
156amplitude response at 8.5 GHz (see Fig. 5) could

157be suppressed by using a SSB+ carrier modulated

158signal [11]. The second notch at 14.0 GHz ap-

159pears because of the bandwidth of the filter and

160it can be shifted to higher frequencies by using

161gratings with narrower reflection bands. By

162combination of SSB modulated light and a filter

163of 0.05 nm bandwidth we expect to have a sys-
164tem with a first notch beyond the Ku microwave

165band.

166This system has a reduction in the dynamic

167range with respect to systems using laser sources

168because the low power level reflected by the filters.

169Using a fluorescent doped fiber as light source at

1701500 nm or superluminescent diodes at 1300 nm

171and at 1500 nm the spectral energy density is about

Fig. 5. Amplitude of the microwave signal as a function of the

modulation frequency. Comparison of the system fed through

grating g1 and fed directly with a tunable laser. Both cases in-

clude measured data (solid line) and theoretical prediction

(dashed line).

Fig. 6. Amplitude of the microwave signal measured with dif-

ferent filters. Solid line, filter g1; dotted line, filter g2; dashed

line, filter g3.
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172 )10 dBm/nm or even more; after filtering with a

173 0.05 nm bandwidth grating, the available power is

174 about )23 dBm/nm that can be used without

175 amplification in many applications.

176 Finally we must point out that the use of a

177 tunable light source as presented in this paper is
178 particularly suitable for microwave devices based

179 on fiber gratings because the system can be ther-

180 mally stable. Packaging together the filter and the

181 device under test both will suffer the same tem-

182 perature variations and consequently the system

183 should exhibit a passive compensation of temper-

184 ature effects.

185 3. Conclusions

186 We have studied the behaviour of fiber Bragg

187 gratings as filters of white light sources for driving

188 microwave photonic devices. The system has a

189 good phase response but the amplitude perfor-

190 mance is limited by the bandwidth of the filter and
191 by the carrier suppression effect in amplitude

192 modulated systems. The device we have tested in

193 these experiments presents a correct behaviour

194 from 0.5 to 6 GHz and can be optically tuned in a

195 range of 4 nm.
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